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Background
▪ Blocks are large, deep anticyclones that reroute 

prevailing winds meridionally.

▪ Quasi-stationarity of blocking facilitates 
persistent precipitation and temperature 
extremes (Lupo, 2021). 

▪ Blocking is a major contributor to enhanced 
precipitation in high latitudes (Pettersen et al., 
2022). 
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Figure 2: 45-year frequency of annual, summer, 
and winter positive B that satisfy the size 

requirement.

Blocking Detection Methodology
▪ Based on the algorithm by Masato et al. 

(2013)
o ERA5 reanalysis 500 hPa heights from 

1979-2023 at 18 UTC are used.

▪ The blocking index (B)
o 500 hPa meridional height gradient
o Positive values indicate a reversed 

gradient and easterly flow.
• More positive → stronger 

anticyclone
• Filter with a 10 ̊ consecutive 

longitude requirement.
Figure 1: Visualization of the blocking detection steps 

beginning with 500 hPa heights (black), the blocking indices 
(red), and the filtered blocking indices (blue).

Motivation
▪ The Laurentian Great Lakes are the largest 

freshwater lake system on earth.
o 20% of the earth’s freshwater
o Home to 30 million people
o Over-lake precipitation, evaporation, and 

basin-wide runoff impact the lakes’ water 
budget and levels.

▪ Little has been studied on the effects of 
blocking in the Great Lakes Region (GLR).

August 18-24, 2023
▪ A block developed on August 18 and persisted through 

August 24, peaking in strength on August 21.

▪ Two long-lived MCSs developed within 24 hours of each 
other on August 23-24 over southern Michigan and Ohio, 
leading to flooding and severe wind damage.

Figure 3: Synoptic setup at 18 UTC on August 23, 2023, preceding the MCSs 
over Michigan and Ohio. A strong anticyclone at 500 hPa with strong 

moisture transport in the lower Great Lakes is evident.

Case Studies
July 10-15, 1995

▪ A block developed and moved into the central U.S. by July 
10, peaking in strength on July 13.

▪ Four derechos occurred across the northern U.S. from July 
11-15, three of which directly impacted the GLR with heavy 
rainfall and destructive winds.

Figure 4: Synoptic setup at 18 UTC on July 14, 1995, prior to derecho 
development in the Upper Peninsula of Michigan. An anticyclone at 500 
hPa with strong moisture transport in the upper Great Lakes is evident.

Blocking and Moisture Transport
▪ Searched for IVT > 500 kgm-1s-1 in the GLR and for positive 

B that satisfies the size requirement in the east-central U.S. 
o If the B are present on or up to two days prior, counted 

as an event → 866 events identified 
• All events averaged into a composite

Figure 5: Composite plot of all events in JJA from 1979-2023 with IVT > 
500 kgm-1s-1 between 41-49 ̊ N, 76-92 ̊ W and positive B satisfying the size 
requirement between 33-40 ̊ N, 80-100 ̊ W on the same day or up to two 

days prior.

Conclusions
▪ Summertime blocking transports moisture from the Gulf of 

Mexico into the GLR. IVT is enhanced in the GLR due to 
stronger flow.

▪ Blocking plays a role in supplying ample moisture to the 
GLR to facilitate heavy thunderstorm events.

Future Work
▪ Create a catalog of blocking episodes in the region of 

interest using time persistence and stationarity thresholds.

▪ Investigate how blocking influences winter precipitation 
and evaporation over the Great Lakes.
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Science Questions
1. What is the frequency of blocking in the 

central and eastern United States? 

2. How does blocking enable heavy precipitation 
in the GLR during the summer?
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